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SLOPE STABLE SINGLE-PLY STORAGE TANK 



CROSS-REFERENCE TO RELATED APPLICATION 
This application is a continuation-in-part of 
pending U.S. patent application Serial No. 146,817, 
filed January 22, 1988. 



TECHNICAL FIELD 

This invention relates to apparatus for storing 
fluids, and in particular open topped fabric fluid 
storage tanks. 
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BACKGROUND OF THE INVENTION 

The military has need of a lightweight portable 
fluid storage tank. This need can be readily 
understood when one envisions modern day battlefield 
conditions. For example, normal civilian sources of 
potable water in a battle zone may be contaminated, or 
simply are non-existent. Ideally, the military desires 
a tank which can be erected at a staging area very 
quickly, used for such period of time that the staging 
area is within the battle zone, and then quickly broken 
down and relocated to a new staging area. 

One design which has found some success in this 
environment is the so-called onion tank. This tank is 
an open topped collapsible tank formed of fabric, with 
the perimeter of the tank at the open top forming a 
floating collar. As the tank is filled with water, or 
another fluid, the collar floats atop the fluid surface, 
holding the water within. When the tank is full, the 
sides bulge under the pressure of the water, forming the 
tank into a shape having the appearance of an onion. 

Because such tanks are intended for use in 
battlefield conditions, it is considered unlikely that 
such tanks will always be positioned on horizontal flat 
surfaces. Therefore, the military has set requirements 
that such a tank be capable of storing a full liquid 
load (hold its rated capacity) in a stable manner on a 
surface sloped at a 10% slope (5.7"). m addition, the 
military requires that the tank meet a specific height, 
and that ninetieth percentile personnel must be able to 
reach into the open top of the tank to take water 
samples. Tank stability can be increased by decreasing 
the diameter of the open top relative to the base 
diameter, but this increases the reach necessary to take 
samples from the tank beyond acceptable limits. Tank 
stability can also be increased by decreasing the height 
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relative to the base diameter, but this also increases 
the reach necessary to take samples, as well as 
increasing material usage and must comply with height 
specifications. The traditional onion tank design used 
multiple fabric panels or gores sewed together along 
vertical seams to form the tank. A tank of this design 
placed on a 10% slope would be so deformed on the 
downhill side by the weight of the water, or other 
fluid, that the tank would lose stability. One design 
has apparently overcome this disadvantage by using two- 
plies of fabric in each panel. The warp and woof yarns 
of one layer lie at a 45° angle relative to the other 
layer, with the layers being carefully fastened 
together. Such a design is stable at a 10% slope, but 
requires the extra material necessary to form a two-ply 
tank, and the effort required to carefully secure the 
layers together to ensure that the layers do not slide 
relative to each other and destroy the stability. A 
need therefore exists for an improved design which is 
capable of stability on a 10% slope, which does not 
require the complications of the two-ply design. 
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SUMMARY OF THE INVENTION 

In accordance with one aspect of the present 
invention, a tank is provided for holding a fluid when 
positioned on a surface. The tank includes a plurality 
of panels, with each panel formed of a single ply fabric 
cut from a fabric roll. The warp yarns of the fabric 
extend parallel the length of the roll while the woof 
yarns of the fabric extend parallel the width of the 
roll. The edges of the panels are secured together to 
form the tank. The panels are secured together in an 
orientation so that the yarns of the panels are oriented 
at an oblique angle to the vertical when the tank is 
filled to permit the tank to remain stable on a sloped 
surface. 

In accordance with another aspect of the present 
invention, the panels are cut from the fabric roll so 
that the nominal bias angle of the warp yarns of each 
panel extend at an angle from about 20° to 70°, and 
preferably about 52°, from the vertical in the filled 
tank. 

In accordance with yet another aspect of the 
present invention, the fabric forming the panels deforms 
elastically under the forces exerted by the fluid within 
the tank. The panels are secured together such that the 
desired oblique angle is achieved when the fabric has 
been expanded by the fluid in the filled tank. 
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DETAILED DESCRIPTION 

With reference now to the accompanying drawings, 
wherein like reference numerals designate like or 
corresponding parts throughout the several views, a 
conventional two-ply fabric onion tank 10 is illustrated 
in FIGURES 1 and 2. As can be seen, the tank is formed 
of a plurality of panels or gores 12 fastened together 
along vertical seams 14. 

As best seen in FIGURE 2, the inner layer 16 and 
the outer layer 18 are each formed of a fabric having 
warp yarns 20 and woof yarns 22 criss-crossing at right 
angles. However, the yarn direction of the inner layer 
16 is positioned at a 45° angle from the yarn 
orientation of the outer layer 18. If the tank 10 were 
sitting on a perfectly flat horizontal surface, the 
yarns of the inner layer 16 would also lie at a 45° 
angle from vertical. The inner and outer layers are 
secured together by adhesive, seams, or the like, to 
prevent the layers from sliding relative to each other 
in a single panel. if constructed properly, a tank of 
this design is capable of supporting a full liquid load 
on a 10% slope. However, the complexity of this design 
is undesirable. 

With reference now to FIGURES 3-6, an improved 
onion tank 100 forming one embodiment of the present 
invention is illustrated. The tank 100 requires only 
one layer of fabric material, as will be described in 
greater detail hereinafter, but is capable of holding a 
full fluid load on a 10% slope. Thus, the tank 100 has 
significant advantages over the tank 10 described above. 

The tank 100 is formed of side panels 102, a bottom 
panel 104, and a floating collar 106 secured along the 
upper edges of the side panels 102 as best seen in 
FIGURE 3. The collar 106 is of conventional design, and 
is designed to float atop the particular fluid the tank 
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is designed to hold. The bottom panel 104 is 
essentially a simple circular shape. However, the side 
panels 102 are very specifically formed as discussed 
hereafter. 

with reference to FIGURE 6, the side panels 102 can 
be seen to be cut from a roll 108 of suitable fabric 
110. The fabric will have warp yarns 112 extending 
side-by-side parallel the length of the roll and woof 
yarns 114 extending side-by-side across the width of the 
roll, and perpendicular the warp yarns 112. The fabric 
110 will have sufficient density, or be coated with a 
material making the panels 102 impervious to passage of 
the fluid being held. 

The lower edge 116 of the panel 102 has an arcuate 
configuration and is designed to be fastened along a 
portion of the edge of the bottom panel 104. The upper 
edge 118 is also arcuately shaped and is secured to a 
portion of the floating collar 106. Side edges 120 and 
122 are secured to the side edges of the adjacent side 
20 panels 102 to form the seams 124 seen in FIGURES 4 and 

5. Ideally, the edges are so oriented relative to the 
warp and woof yarns so that the warp yarns in each side 
panel 102 extend at an oblique angle relative to the 
vertical when the tank 100 is filled with fluid. it has 
been found that such an oblique orientation provides 
stability to the tank 100 which allows such a tank to be 
positioned on a slope as steep as io% while retaining 
stability. It is believed that the forces exerted on 
the downhill side of such a tank 100 by the fluid within 
the tank are efficiently distributed through the 
obliquely oriented yarns around the entire tank to 
resist the tendency toward instability caused by the 
slope. 

In practice, it is impossible to form a side panel 
102 from a fabric roll with perpendicular intersecting 
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warp and woof yarns to have a single uniform oblique 
angle of the yarns relative to the vertical when formed 
into a tank. Therefore, it is desirable to cut the 
side panels to optimize the yarn direction by making the 
average or mean yarn direction equal to the ideal 
orientation, with certain yarns as a consequence being 
at a lesser angle, while other yarns lie at a greater 
angle. It is believed that a nominal bias angle of 
between 20° and 70° from vertical in a full tank would 
be effective. Actual stability tests of nominal bias 
angles between 25° and 52 p have been successful. In the 
preferred embodiment, a bias angle of 52° is desired. 
In any event, the width of the fabric roll determines to 
some degree the bias angle used as the panels must be 
cut within the dimensions of the roll. 

An example of one panel cutting is shown in FIGURE 
6. The lines 126 formed in the side panel 102 in 
FIGURE 6 each indicate the true vertical direction when 
the panel is part of a filled tank 100. At the lower 
edge 116, the warp yarns can be seen to be oriented 
relative to the vertical in a range of angles from 39° 
to 65°, with the average or mean being about 52°. In 
the preferred embodiment, the nominal bias angle or 
average bias angle of the yarns relative to the vertical 
is about 52°, and the panels are cut from the roll 108 
in a manner to best achieve this nominal bias angle 
throughout the entire side panel. 

Typically, the fabric 110 will have some elasticity 
when exposed to the forces exerted by the fluid within 
the tank. Such fabric can be expected to stretch about 
20% from its non-stressed dimension when holding a full 
tank of fluid on a 10% slope. The side panels are cut 
from the roll 108 so that the nominal bias angle is 
achieved only upon that degree of stretching of the 
fabric which would be present on the downhill side of he 
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tank on which the greatest fluid forces are exerted. 
Thus, the unstressed tank will have a quite non- 
symmetrical appearance, as seen in FIGURE 3, until the 
tank is filled with fluid and stretched by the fluid 
forces to deform the various side panels 102 into the 
optimum orientation to achieve the nominal bias angle on 
the downhill portions of the tank. 

In one tank constructed in accordance with the 
teachings of the present invention, a five ounce nylon 
fabric was used. The end count of warp and woof yarns 
was 21 yarns per inch with a denier of 840. The fabric 
was coated with chloroprene rubber, one example of which 
is sold by DuPont under the trademark "NEOPRENE", to 
create a waterproof tank. The tank was found not only 
to be stable at 10% slopes, but even on 11% and 12% 
slopes . 

When a square woven fabric is stressed along a line 
oblique to the warp and woof yarns, the fabric will 
elongate substantially more than when the stress is 
applied in the direction of one of the yarns. This 
phenomena results by deformation of the nominal- square 
of the weave formed by the intersection of the 
perpendicular warp and woof yarns into a parallelogram 
or diamond shape as the stresses are exerted. To 
minimize the elongation of the side panels 102 
incorporated in tank 100, the warp or woof yarns are 
ideally directed along the force vector created by the 
fluid in the tank exerted on the down slope walls of the 
tank at the particular slope angle encountered. For a 
10% slope, tank height of 56 inches, tank base diameter 
of 153 inches, tank opening diameter of 93 inches, and a 
collar 106 of 4 to 5 inches diameter, having a capacity 
of 3,000 gallons, an angle of about 52° to vertical is 
believed optimum. However, as noted previously, it is 
impossible to achieve precisely this angle consistently 
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throughout each side panel when the panels are formed of 
fabric having a square weave. Therefore, as noted 
previously, the cut of the panels is so to optimize the 
direction of the yarns to achieve the nominal bias angle 
of about 52 ° . 

More specifically, the United States of America 
military standard for military onion tanks, MIL-T- 
53048A, requires the 3,000 gallon tank to be 57" +- 3" 
high and have a horizontal radial distance between the 
tank base diameter and tank opening diameter (the 
distance a user must reach across from the side of the 
tank to get to the opening) designed for use by 95% of 
the users in accordance with the United States of 
America military standard MIL-STD-1472 , Human 
Engineering Design Criteria for Military Systems, 
Equipment and Facilities. The relevant factor for this 
distance is the 5th percentile value of ground troops 
for "functional reach, extended" from MIL-STD-1472 . 
Section 5.6 of 2 May, 19 81, or 33.2 inches. The tank 
100 of the present invention designed for 3,000 gallon 
capacity thus preferably has a height of 57" +- 3" and 
the horizontal radial distance from the inner side of 
collar 106 to the tank base diameter is no greater than 
33.2 inches (84.2cm), while maintaining the stability 
requirement on a 10% slope as set out above. 

While one embodiment of the present invention has 
been described in detail herein and shown in the 
accompanying drawings, it will be evident that various 
further modifications or substitutions of parts and 
elements are possible without departing from the scope 
and spirit of the invention. 
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CLAIMS 

1- A tank for holding a fluid, the tank for 
positioning on a surface, comprising: 

a plurality of panels, each panel formed of a 
single ply fabric cut from a fabric roll, warp yarns 
extending parallel the length of the roll and woof yam 
extending parallel the width of the roll; and 

means for securing the edges of said plurality of 
panels together to form the tank, the panels oriented i 
the filled tank with said yarns at an oblique angle to 
vertical to permit the filled tank to remain stable on 
sloped surface. 



2. The tank of Claim 1 wherein the nominal bias 
angle of the warp yarns to vertical is in the range from 
about 20° to 70° to vertical when the tank is filled. 

; 3. The tank of Claim 1 wherein the nominal bias 
angle of the yarns to vertical is about 52° when the 
tank is filled. 

4. The tank of Claim 1 wherein the fabric 
stretches under the influence of the pressure of the 
fluid within the tank to achieve the oblique orientation 
of said yarns when the tank is full. 

5. The tank of Claim 1 wherein the fabric is a 
neoprene coated nylon fabric having an end count of 21/ 
inch for both for warp and woof yarns and a denier of 
about- 840 . 



6. The tank of Claim 1 wherein the tank will 
remain stable on a surface sloped to about 10% from 
horizontal. 
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7. The tank of Claim 1 wherein the oblique angle 
is selected to generally lie parallel the force vector 
exerted by the fluid being held on the down slope side 
of the tank. 

8- A tank for holding a fluid, the tank for 
positioning on a surface, comprising: 

a plurality of side panels, each side panel formed 
of a single ply fabric cut from a fabric roll, the 
fabric roll having a square weave with warp yarns 
extending parallel the length of the roll and woof yarns 
extending perpendicular the length of the roll; 

means for securing the edges of said plurality of 
side panels together to form the side wall of the tank, 
the side panels oriented in the filled tank with said 
warp yarns oriented at an oblique angle to vertical to 
allow the filled tank to remain stable on a surface 
sloped up to about 10% from vertical. 

9- The tank of Claim 8 wherein the nominal oblique 
angle of the warp yarns in each side panel is within the 
range of 20° to 70° from vertical. 

10. The tank of Claim 8 wherein the fabric 
stretches under the influence of the fluid pressure 
within the tank, the side panels shaped so that the 
desired oblique angle is achieved when the tank is full. 

11. The tank of Claim 8 wherein the nominal oblique 
angle of the warp yarn in each side panel is about 52° 
from vertical. 

12. The tank of Claim 8 wherein the oblique angle 
generally corresponds to the force vector of the fluid 
pressure exerted on the down slope side of the tank. 
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13. A tank for holding a fluid, the tank for 
positioning on a surface, comprising: 

a plurality of panels, each panel formed of a 
single ply fabric cut from a fabric roll, warp yarns 
extending parallel the length of the roll and woof yarns 
extending parallel the width of the roll; and 

means for securing the edges of said plurality of 
panels together to form the tank, the tank having a 
height, a tank opening of first diameter and a tank base 
of second diameter, the height being in the range of 54" 
to 60" and the radial difference between the second and 
first diameters not exceeding 33.2", the panels oriented 
in the filled tank with said yarns at an oblique angle 
to vertical to permit the filled tank to remain stable 
on a sloped surface. 

14. The tank of Claim 13 wherein the nominal bias 
angle of the warp yarns to vertical is in the range from 
about 20 • to 70 • to vertical when the tank is filled. 

15. The tank of Claim 13 wherein the nominal bias 
angle of the yarns to vertical is about 52* when the 
tank is filled. 

16. The tank of Claim 13 wherein the fabric 
stretches under the influence of the pressure of the 
fluid within the tank to achieve the oblique orientation 
of said yarns when the tank is full. 

17. The tank of Claim 13 wherein the fabric is a 
neoprene coated nylon fabric having an end count of 21/ 
inch for both for warp and woof yarns and a denier of 
about 840. 
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18. The tank of Claim 13 wherein the tank will 
remain stable on a surface sloped to about 10% from 
horizontal. 

19. The tank of Claim 13 wherein the oblique angle 
is selected to generally lie parallel the force vector 
exerted by the fluid being held on the down slope side 
of the tank. 

20. A tank for holding a fluid, the tank for 
positioning on a surface, comprising: 

a plurality of side panels, each side panel formed 
of a single ply fabric cut from a fabric roll, the 
fabric roll having a square weave with warp yarns 
extending parallel the length of the roll and woof yarns 
extending perpendicular the length of the roll; 

means for securing the edges of said plurality of 
side panels together to form the side wall of the tank, 
the tank having a height, a tank opening of first 
diameter and a tank base of second diameter, the height 
being in the range of 54" to 60" and the horizontal 
radial difference between- the second and first diameters 
not exceeding about 33.2", the side panels oriented in 
the filled tank with said warp yarns oriented at an 
oblique angle to vertical to allow the filled tank to 
remain stable on a surface sloped up to about 10% from 
vertical . 

21 . The tank of Claim 20 wherein the nominal 
oblique angle of the warp yarns in each side panel is 
within the range of 20° to 70° from vertical. 

22. The tank of Claim 20 wherein the fabric 
stretches under the influence of the fluid pressure 
within the tank, the side panels shaped so that the 
desired oblique angle is achieved when the tank is full. 
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23. The tank of Claim 20 wherein the nominal 
oblique angle of the warp yarn in each side panel is 
about 52° from vertical. 

24. The tank of Claim 20 wherein the oblique angle 
generally corresponds to the force vector of the fluid 
pressure exerted on the down slope side of the tank. 
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